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ABSTRACT: We demonstrate gate-tunable resonant tunneling and negative differential 
resistance between two rotationally aligned bilayer graphene sheets separated by bilayer WSe2. 
We observe large interlayer current densities of 2 A/m2 and 2.5 A/m2, and peak-to-valley 
ratios approaching 4 and 6 at room temperature and 1.5 K, respectively, values that are 
comparable to epitaxially grown resonant tunneling heterostructures. An excellent agreement 
between theoretical calculations using a Lorentzian spectral function for the two-dimensional 
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(2D) quasiparticle states, and the experimental data indicates that the interlayer current stems 
primarily from energy and in-plane momentum conserving 2D-2D tunneling, with minimal 
contributions from inelastic or non-momentum-conserving tunneling. We demonstrate narrow 
tunneling resonances with intrinsic half-widths of 4 and 6 meV at 1.5 K and 300 K, respectively.  
KEYWORDS: Coherent tunneling, negative differential resistance, graphene, WSe2, 
heterostructure 
The recent emergence of two-dimensional (2D) materials, such as graphene, hexagonal boron-
nitride (hBN) and transition metal dichalcogenides (TMDs), coupled with advancing fabrication 
techniques for stacking 2D materials, has opened numerous pathways to explore the electronic 
and photonic properties, and device applications of van der Waals (vdW) heterostructures.
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Evolving techniques for the layer-by-layer transfer of 2D materials allow for great flexibility in 
device structure, and have led to the study of many interesting phenomena in van der Waals 
heterostructures, such as quantum Hall effect
2
 and moiré bands
3–6
 in high mobility graphene on 
hBN substrates, quantum Hall effect in TMDs encapsulated in hBN
7,8
, and resonant tunneling in 
double monolayer or double bilayer graphene separated by hBN.
9–14
 The latter phenomenon 
requires the conservation of both electron energy and momentum in tunneling between two 
independently contacted 2D layers, and leads to interlayer current-voltage characteristics with 
gate-tunable negative differential resistance (NDR).
15
 
One of the challenges in realizing functional vdW heterostructures using layer-by-layer 
transfers is the control of atomic registration between adjacent layers, and in particular that of 
rotational alignment, which is desirable for an efficient coupling between layers. In contrast to 
epitaxially grown heterostructures, where rotational alignment is ensured by the atomic bonding 
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of successive layers, in vdW heterostructures of 2D materials the relative rotational alignment of 
different layers is most often not controlled. Because resonant tunneling requires a precise 
overlap of states in momentum space, and desirably a strong interlayer coupling, it serves as a 
powerful tool to probe the quantum fingerprints of vertical transport in vdW heterostructures. 
Furthermore, the gate-tunable NDR of the interlayer current-voltage characteristics enable the 
implementation of novel interlayer tunneling field-effect transistors (ITFETs), with applications 
for both Boolean and non-Boolean logic.
16–18
 
In this study, we demonstrate gate-tunable resonant tunneling with a large interlayer 
conductance and negative differential resistance between two highly rotationally aligned bilayer 
graphene flakes separated by bilayer WSe2. We employ four-point measurements to probe the 
intrinsic tunneling current-voltage characteristics independent of the contact resistance, which 
becomes relevant in our samples due to the large interlayer conductance.  We observe current 
densities of 2 A/m2 at room temperature, and 2.5 A/m2 at 1.5 K, as well as NDR with peak-
to-valley ratios (PVRs) up to 4 and 6 at room temperature and 1.5 K, respectively, which are 
comparable to values measured in epitaxially grown resonant tunneling heterostructures. 
Calculations of the tunneling current as a function of interlayer and gate bias using a simple, 
perturbative Hamiltonian model with Lorentzian broadening of the 2D quasiparticle states are in 
very good agreement with the measured tunneling current at all biasing conditions.  This 
agreement shows the tunneling is energy and momentum conserving, and therefore coherent with 
respect to the single particle states. 
Previous studies of resonant tunneling between two 2D layers in vdW heterostructures have 
used either double monolayer graphene or double bilayer graphene separated by hBN.
9–14
 
Because graphene has band minima at the corners of the hexagonal Brillouin zone, the crystal 
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axes of the two mono- or bilayer graphene layers have to be rotationally aligned to ensure 
momentum conservation.  This was done by either using the graphene flakes straight edges to 
identify principal crystal axes, and subsequently aligning them during transfer
10–12
, or by using 
two mono- or bilayer graphene that stem from a single crystal domain, and are therefore 
rotationally aligned at the outset.
13
 The use of bilayer graphene
12,13
, or multilayer graphene
19
, 
leads to narrower resonance thanks to reduced impact of the quantum capacitance. Two main 
drawbacks of these device designs limit applications for high speed digital electronics, and 
implementation beyond prototyping, desirable at wafer scale.  First, the use of large bandgap 
hBN
20
 as an interlayer dielectric reduces the interlayer current density and conductance. For 
example, a four-monolayer thick interlayer hBN translates into a specific interlayer conductance 
of ~10 nS/m2 at small interlayer bias, corresponding to an RC time constant of 10-6 s for a 
capacitance C = 1.8 F/cm2.13 Second, the growth of large area hBN by chemical vapor 
deposition has so far resulted in lower crystal quality relative to exfoliated hBN, limiting its 
scalability.
21,22
 While graphene double layers separated by a TMD have been reported, these 
samples do not show resonant tunneling
23
, and the coupling of the two graphene layers through 
the TMD cannot be assessed.     
The use of WSe2 as an interlayer tunnel barrier is attractive for several reasons. First, with a 
bulk and monolayer bandgap of approximately 1.2 eV
24
 and 2 eV
25
, respectively, WSe2 is a 
smaller bandgap alternative to the 5.8 eV
20
 gap in hBN, resulting in larger tunneling currents. 
Additionally, WSe2 can be isolated down to mono- or few-layer thick single crystals of high 
quality
8
, which is crucial for minimizing defect induced scattering of tunneling carriers. Finally, 
it has been shown that in heterostructures with graphene, the mid-gap of WSe2 is close to the 
neutrality point of graphene.
26
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Figure 1a shows a schematic of the interlayer tunneling field-effect transistor (ITFET) studied 
here, consisting of two individually contacted bilayer graphene flakes separated by bilayer WSe2. 
The samples are realized using a series of dry transfers,
27
 and are encapsulated with hBN as top 
and bottom dielectrics.  The bilayer graphene flakes originate from a larger area single-crystal 
and remain aligned to within 0.1 degrees during the transfers, which ensures a close alignment of 
their crystal axes in the final heterostructure.
13
 We use photoluminescence (PL) spectroscopy 
(Fig. 1b) to confirm the WSe2 thickness.
28
  Multiple contacts to each layer are defined by e-beam 
lithography, plasma etching, and metal deposition, which enables a decoupling of the contact 
resistance in vertical tunneling measurements.   
 
Figure 1. Double bilayer (BL) graphene separated by bilayer WSe2 interlayer tunneling field-
effect transistor. (a) Schematic representation of the device structure, including independent 
contacts to bilayer graphene channels. (b) PL spectrum of a WSe2 bilayer used as interlayer 
tunnel barrier. The PL peaks corresponding to the direct and indirect gaps of bilayer WSe2 are 
labeled. (c) Optical micrograph of a completed heterostructure. The dashed lines indicate 
individual layers. (d) Cross-sectional STEM of a double bilayer graphene ITFET separated by 
WSe2, and encapsulated in hBN dielectric. The individual layers are identified using EELS and 
EDS.  
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Figure 1c shows an optical micrograph of one double bilayer graphene heterostructure 
separated by WSe2 and encapsulated in hBN, with the contour of each layer marked. Figure 1d 
shows a scanning transmission electron micrograph (STEM) of the heterostructure, 
demonstrating atomically clean interfaces. Electron energy loss spectroscopy (EELS) and energy 
dispersive X-ray spectroscopy (EDS) are used to identify the different atomic layers in the 
heterostructure. While multiple heterostructures were fabricated for this study, we focus here on 
one double bilayer graphene heterostructures separated by bilayer WSe2, labelled as Device #1. 
Data from an additional Device #2 are included in the supporting information. 
 
We probe the tunneling current-voltage characteristics by measuring the interlayer tunneling 
current (Iint) as a function of the interlayer bias (VTL) applied to the top layer, while the bottom is 
grounded (Figure 2b inset), at different top gate voltages (VTG), and back gate voltage VBG = 0 V. 
The top and bottom hBN dielectrics have thicknesses of 14 nm and 31 nm, respectively, 
corresponding to top and back gate capacitances CTG = 190 nF/cm
2
 and CBG = 86 nF/cm
2
. Figure 
2a shows Iint vs. VTL measured at different VTG values in Device #1 at room temperature. The 
data show clear NDR that are VTG dependent, with a maximum areal current density Jint = 2 
A/m2, and PVR of 3.9. Interestingly, the current peaks are followed by near discontinuous 
drops for all VTG values, a pattern that differs markedly from previously observed NDR in double 
layers separated by hBN, where the tunneling current has a continuous dependence on interlayer 
bias.
9–13
 In addition, the current densities are approximately one order of magnitude larger than 
values corresponding to the same interlayer thickness in the best performing double layer 
heterostructures using hBN as the interlayer dielectric.
10
  Figure 2b shows the Iint vs. VTL data 
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measured at different VTG in the same device at a temperature T = 1.5 K.  Figure 2b data is very 
similar to Fig. 2a data, except for a slight increase in the peak current in each trace.  
The biasing conditions at which resonant tunneling occurs can be understood by examining the 
band structures of each layer and their dependence on the applied VTG and VTL. Figure 2c shows 
the band diagram of an ITFET for a positive VTG value, and at VTL = 0 V. While the Fermi levels 
TL and BL of the top and bottom layer, respectively, are aligned, the applied gate bias induces 
different charge densities in each layer, leading to a finite electrostatic potential difference VES = 
(BL - TL)/e between layers, which suppresses energy and momentum conserving tunneling; 
here e is the electron charge and BL and TL are the energies of the charge neutrality points 
(band minima) of the bottom and top layers, respectively. On the other hand, an appropriate 
interlayer bias restores VES = 0 V (Fig. 2d), and allows for energy and momentum conserving 
tunneling, leading to a maximum in the interlayer current. Experimentally, this can be observed 
by setting the VTG value and sweeping VTL in order to find the resonant condition, marked by a 
peak in the interlayer current. 
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Figure 2. Resonant tunneling in double bilayer graphene ITFET. (a, b) Two-point Iint vs. VTL at 
different VTG, measured at (a) T = 300 K, and (b) T = 1.5 K in Device #1. The right axes of (a) 
and (b) show Iint normalized to the bilayer graphene overlap area. Panel (b) inset shows a 
schematic of the interlayer biasing setup. (c, d) Simplified energy band diagrams of the ITFET at 
(c) VTG > 0 V and VTL = 0 V, and (d) aligned charge neutrality points at the same VTG and an 
appropriate finite VTL. 
To understand the discontinuity in the Iint vs. VTL, we consider the role of an external (contact) 
resistance in series with the interlayer tunneling resistance. The external resistance has 
contributions from both the metal/graphene contact resistance, and the in-plane resistance of the 
bilayer graphene extensions outside the overlap area. These external contributions are important 
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in our devices, because Fig. 2a shows a maximum current of 80 A at VTL = 0.4 V, 
corresponding to a total device resistance of 5 k, a value comparable to that of single layer 
graphene field-effect transistors with similar dimensions.
27
 As such, a non-negligible fraction of 
VTL drops across the contacts and bilayer graphene extensions, reducing the voltage across the 
tunnel barrier. This results in a “stretching” of the measured tunneling characteristic towards 
higher voltages.  Furthermore, if the external resistance is larger than the differential resistance in 
the NDR region, then multiple operating points arise in the NDR region leading to 
discontinuities and hysteresis, as observed in Fig. 2 (a,b), and a section of the NDR current-
voltage characteristic cannot be probed experimentally (see Supporting Information).  
In light of these findings, a key question is what are the intrinsic ITFET tunneling 
characteristics, and how to experimentally separate these characteristics from contact resistance 
effects.  To address this question, we perform four-point tunneling measurements where an 
additional pair of contacts measure the voltage across the tunnel barrier (V), which excludes the 
voltage dropped across the contacts (Figure 3b inset). Figure 3a shows Iint vs. V measured at 
various VTG values and at room temperature in Device #1.  Compared to Fig. 2 data, the 
resonance peaks are much sharper and appear at lower voltages relative to the two point 
measurements. Furthermore, consistent with the prior discussion, the sections of Iint vs. V data 
that show NDR are experimentally inaccessible as a result of finite Rc.   
Figure 3b shows Iint vs. V measured at different VTG values, and at T = 1.5 K.  Compared to 
the room temperature data of Fig. 3a, the peak (background) Iint increase (decrease) only slightly 
while the peak positions are unchanged, suggesting that neither phonon scattering nor thermionic 
emission play a dominant role in the tunneling. Figure 3c illustrates the weak temperature 
dependence of Iint vs. V data at VTG = 0 V. Figure 3d shows the intrinsic differential 
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conductance (dIint/dV) vs. V at different T, calculated from the Figure 3c data.  The data shows 
narrow conductance peaks associated with the resonant tunneling, with full width at half 
maximums ranging from ~8 mV at T = 1.5 K to 20 mV at T = 300 K. The inset of Figure 3d 
displays a close-up of the conductance peaks of the Fig. 3c main panel.  The apparent splitting of 
the conductance peak at T = 1.5 K is likely associated with a small band gap opening in one of 
the two bilayers.
29
 The sharp peaks in both the four-point interlayer current and differential 
conductance indicate a high degree of rotational alignment between layers, and suggest a high 
quality heterostructure with contaminant-free interfaces.  
It is informative to compare the device characteristics of the double bilayer graphene separated 
by WSe2 heterostructure to other resonant tunneling vdW and epitaxial heterostructures. We 
consider Jint, ΔV, the specific conductance at the resonance peak, the PVR, operating 
temperature, and whether or not the NDR is gate-tunable as the main metrics characterizing 
resonant tunneling devices. Our device characteristics are comparable to many epitaxially grown 
heterostructures.
30–40
 While some epitaxial heterostructures show a larger PVR, they typically 
have a lower peak specific conductance
31,34,35,38,40
, and gate-tunable NDR was demonstrated only 
in GaAs/AlGaAs double quantum wells at temperatures lower than 170 K
35,36
 (see Supporting 
Information). In addition, the heterostructure described here outperforms previous vdW 
heterostructures employing an hBN interlayer dielectric.
9–11,13
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Figure 3. Intrinsic tunneling current-voltage characteristics. (a, b) Four-point Iint vs. ΔV at 
different VTG, measured at (a) T = 300 K, and (b) T = 1.5 K in Device #1. Panel (b) inset shows a 
schematic of the interlayer biasing setup. (c) Four-point Iint vs. ΔV at VTG = 0 V and at different T 
values. The right axes of (a - c) show Iint normalized to the bilayer graphene overlap area. (d) 
dIint/dΔV vs. ΔV corresponding to panel (c) data. The right axis shows the differential 
conductance () normalized to the overlap area (A). Inset: close-up of the conductance peaks 
near ΔV = 0.  
To better understand the physics involved in the experimental tunneling characteristics, we 
model the ITFET using a perturbative tunneling Hamiltonian.
41,42
 The band structures of the top 
[𝜖TL(𝑘)] and bottom [𝜖BL(𝑘)] bilayers are computed using a simplified tight-binding model to 
12 
 
the leading order in wave-vector 𝑘 around the K point.43 The band openings in the top and 
bottom bilayers are self-consistently estimated by computing the local electric fields in the 
bilayers, after taking electron screening into consideration.
44
 
The electrostatic potential and band alignment of each graphene bilayer is computed using the 
following set of charge-balance equations 
𝐶IL (−
𝜙TL
𝑒
+
𝜙BL
𝑒
) − 𝐶TG (𝑉TG +
𝜙TL
𝑒
)  = 𝑄TL(𝜖TL, 𝜇TL, 𝜙TL)   (1)  
𝐶IL (
𝜙TL
𝑒
−
𝜙BL
𝑒
) − 𝐶BG (𝑉BG +
𝜙BL
𝑒
) = 𝑄BL(𝜖BL, 𝜇BL, 𝜙BL)   (2)  
where 𝐶IL is the interlayer capacitances per unit area, and 𝑄TL (𝑄BL) is the top (bottom) layer 
charge density.  
The single particle tunneling current between the two bilayer graphene is given by 
𝐼int =  −𝑒 ∫ 𝑇(𝐸)(𝑓(𝐸 − 𝜇TL) − 𝑓(𝐸 − 𝜇BL))𝑑𝐸
∞
−∞
 (3)  
where 𝑓(𝐸) is the Fermi distribution function. 𝑇(𝐸) is the vertical transmission rate of an 
electron at energy E 
45,46
: 
𝑇(𝐸) =
2𝜋
ℏ
∑ |𝑡|2𝐴TL,𝑠(𝑘, 𝐸)𝐴BL,𝑠′(𝑘, 𝐸)
𝑘;𝑠𝑠′
 (4)  
The interlayer coupling 𝑡 is assumed to be independent of 𝐸 and 𝑘 of the graphene bilayers. The 
summation is performed over all momentum states 𝑘 and the first two conduction and valence 
sub-bands, denoted by 𝑠 and 𝑠′. 𝐴TL,𝑠 and 𝐴BL,𝑠 are the spectral density functions of the band 𝑠 in 
the top and the bottom bilayers, respectively. The spectral densities are taken to be Lorentzian in 
form, i.e., 
𝐴𝑠(𝑘, 𝐸) =
1
𝜋
Γ
(𝐸 − 𝜖𝑠(𝑘))2 + Γ2
, (5)  
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where Γ represents the energy broadening of the quasi-particle states, and 𝜖𝑠(𝑘) is the energy 
dispersion of band 𝑠 at wave-vector 𝑘. We note that Γ may also contain contributions from the 
spatial variation in the electrostatic potential difference between layers due to disorder. 
The only free parameters in this model are the interlayer coupling 𝑡 and energy broadening 
parameter Γ, and the bilayers are assumed to be rotationally aligned. A rotation between the 
bilayers is expected to increase the broadening for small angles, and then entirely eliminate 
resonant tunneling at larger angles.
15
 Figures 4a and 4b compare Iint vs. V calculated according 
to our model, to the experimental data of Figs. 3a and 3b, measured at T = 300 K, and T = 1.5 K, 
respectively. To best fit the experimental data of Figs. 3a and 3b, we use an energy broadening Γ 
= 6 meV at T = 300 K, and Γ = 4 meV at T = 1.5 K, and an interlayer coupling |𝑡| = 30 μeV.  
To provide additional understanding, we perform ab initio density functional theory (DFT) 
simulations for the bilayer graphene – bilayer WSe2 – bilayer graphene system. The supercell 
structures are relaxed using the projector-augmented wave method with a plane wave basis set as 
executed in the Vienna ab initio simulation package (VASP).
47,48
 The square of the interlayer 
coupling is proportional to the interlayer tunneling current within a first-order approximation. 
The effective interlayer coupling can be estimated from DFT simulations as half of the resonant 
splitting in the conduction bands at zero electrostatic potential difference between the layers, 
where the conduction bands of the two layers would be degenerate in the absence of interlayer 
coupling.
49
 Figure 4c shows the band structures of a bilayer graphene – bilayer WSe2 – bilayer 
graphene heterostructure (solid, black), along with that of a single bilayer graphene (dashed, red) 
as reference.  The relatively large energy splitting between the conduction and valence bands in 
the vicinity of the K point (inset) is the result of bilayer graphene coupling to the WSe2. The 
smaller splitting of the conduction and valence bands within the graphene – bilayer WSe2 – 
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bilayer graphene heterostructures is the result of primary interest, and stems from coupling of the 
two bilayer graphene to each other through the bilayer of WSe2. This momentum-dependent 
splitting is larger than 500 μeV near the band edge, and away from the K point remains 
substantially larger than 2|𝑡| = 60 μeV, used in Fig. 4(a,b) calculations.  Prior theoretical work 
suggests that rotational misalignment between the graphene bilayers, as well as misalignment of 
the conductive layers with the interlayer barrier, will substantially reduce both energies.
49
 The 
difference between the coupling determined from the experimental data and the DFT calculations 
suggests the interlayer current magnitude may be further improved.  
 
Figure 4. Comparison of experimental data with calculations. (a, b) Calculated Iint vs. ΔV (solid 
lines) at different VTG, at (a) T = 300 K and (b) T = 1.5 K. The experimental four-point data are 
shown as symbols. The model accurately reproduces the experimental findings at both 
temperatures with an energy broadening half width Γ = 6 meV at T = 300 K, and Γ = 4 meV at T 
= 1.5 K. (c) Band structures for a bilayer graphene – bilayer WSe2 – bilayer graphene 
heterostructure (black solid lines), and bilayer graphene (dashed red lines) obtained from DFT 
simulations. The relatively large splitting between the conduction and valence bands in the 
vicinity of the K point (inset) stems from the coupling of bilayer graphene to WSe2. The smaller 
splitting of the conduction and valence bands within the graphene – bilayer WSe2 – bilayer 
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graphene heterostructure stems from coupling of the two bilayers of graphene through the bilayer 
of WSe2.  
It is instructive to examine in further detail key features in the Iint vs. ΔV data, and the physical 
mechanisms explaining these observations. As modeled in Fig. 5a, at T = 1.5 K, like-band energy 
and momentum conserving resonant tunneling (i.e. valence to valence band, or conduction to 
conduction band) accounts for the resonance peak in the Iint vs. ΔV, while energy and momentum 
conserving non-resonant, unlike-band tunneling (e.g., conduction to valence band) produces a 
background tunneling current when the energy-momentum ring of intersection between unlike 
bands falls between the layer chemical potentials. Figure 5b shows different band alignments 
schematically, and the conditions leading to these different tunneling regimes, where each panel 
(1-6) refers to the labeled point in Fig. 5a and a corresponding voltage V1-6. At ΔV = V1, the 
current is dominated by unlike-band tunneling.  In this regime of operation, the current depends 
on the joint density of states at the ring of intersection and not on the magnitude of ΔV. As we 
increase ΔV toward V2, the ring of intersection moves outside the chemical potential difference 
and thereby causes a dip in the current. For the same reason, there are no states that contribute to 
the energy and momentum conserving current as the voltage is increased to V3 and V4. At ΔV = 
V5, the band structures of the top and bottom layers align, resulting in a large resonant current, 
which predominantly comes from like-band tunneling between the top and bottom layer valence 
bands in this case. As such, the current at resonance increases with ΔV.  Finally, as the voltage is 
further increased to ΔV = V6, energy and momentum conserving current from the top layer 
conduction band to bottom layer valence band takes over as the dominant source of tunneling 
current, with the current again dependent only on the joint density of states at the ring of 
intersection.  
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The clearly defined regions of unlike-band tunneling are less prominent as temperature 
increases due to the spread of the Fermi distribution, which allows tunneling between the top and 
bottom bilayers even when the momentum and energy conserving ring of intersection lies 
outside the chemical potential difference window. Furthermore, at 300 K, an additional current 
component appears, as shown by the small difference between the theoretical and experimental 
curves at large interlayer bias in Fig. 4a, suggesting a phonon-induced momentum-randomizing 
interlayer current between like or unlike bands. The addition of phonon scattering is qualitatively 
consistent with the increased broadening at 300 K. However, the predominant source of 
interlayer current remains energy and momentum conserving tunneling, either resonant or non-
resonant. Given the excellent agreement between the modeled and experimental results, the Fig. 
5 data suggest that energy and momentum conserving coherent tunneling is the dominant source 
of current at all interlayer biases in the experimental data at 1.5 K, a strong indication of layer-to-
layer alignment, and high quality interfaces within the heterostructure. 
 
Figure 5. Different contributions to the total interlayer tunneling current. (a) Calculated Iint vs. 
ΔV at VTG = -2 V and T = 1.5 K. The simulated data shows the total interlayer tunneling current 
(black), along with the like- (red) and unlike-band (green) tunneling. The corresponding 
experimental data (symbols) are included for comparison. (b) Energy band-alignment of the top 
17 
 
(red) and bottom (green) graphene bilayers at various bias voltages.  The dashed red (green) line 
marks the chemical potential of the top (bottom) graphene bilayer. The tunneling current 
between the unlike bands flows through the tunnel barrier when the intersection ring of 
momentum conserving states (black) lies within the chemical potential difference. Resonant 
tunneling current between like bands flows when the band structures completely align at ΔV = 
V5.  
In summary, we demonstrate experimentally and model theoretically gate-tunable resonant 
tunneling and negative differential resistance in bilayer graphene – bilayer WSe2 – bilayer 
graphene heterostructures. The interlayer current-voltage characteristics show current densities 
reaching 2 A/m2 and 2.5 A/m2, and PVRs of 4 and 6, at T = 300 K and 1.5 K, respectively. 
These values coupled with narrow resonant conductance peaks suggest that heterostructures 
realized using layer-by-layer transfers can be of comparable quality to that of epitaxial 
heterostructures. The excellent agreement between theoretical calculations and experimental data 
indicates that the interlayer current stems primarily from energy and momentum conserving, 
coherent 2D-2D tunneling. We observe narrow tunneling resonances, with intrinsic half-widths 
of 4 and 6 meV at 1.5 K and 300 K, respectively. 
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